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Vitamin A-coupled liposomal Rho-kinase inhibitor 
ameliorates liver fibrosis without systemic adverse 
effects 
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࠙⫼ᬒࠚ 
⫢ᫍ⣽⬊ࡢάᛶ໬ࡣࠊ⫢⥺⥔໬ࡢ୺ᅉࢆᡂࡋ࡚࠸ࡿࠋࢃࢀࢃࢀࡣࡇࢀࡲ࡛ࡢ◊✲࡛ࠊ⫢ᫍ
⣽⬊ࡢάᛶ໬ࡣ Rho ࢟ࢼ࣮ࢮ㜼ᐖ๣(Y-27632㸸௨ୗ Y)࡛ᢚไ࡛ࡁࡿࡇ࡜ࢆሗ࿌ࡋ࡚ࡁࡓࠋ
୍᪉ࠊRho ࢩࢢࢼࣝࡣࡉࡲࡊࡲ࡞⣽⬊ᛂ⟅࡟㛵୚ࡋ࡚࠾ࡾࠊY ࡢ඲㌟ᢞ୚࡛ࡣࠊప⾑ᅽࡸ
⭈ᶵ⬟㞀ᐖ࡞࡝ࡢ᭷ᐖ஦㇟ࢆㄆࡵࡿࠋࡑࡇ࡛ࢃࢀࢃࢀࡣ⫢ᫍ⣽⬊࡟ᑐࡋ࡚㑅ᢥⓗ࡟ Y ࢆ㍺
㏦ࡍࡿ Drug Delivery System(DDS)ࢆ㛤Ⓨࡋࡓࠋࡇࡢ DDSࢆ⏝࠸࡚⫢⥺⥔໬ࢆᢚไ࡛ࡁ
ࡿ࠿ᐇ㦂ࢆ⾜ࡗࡓࠋ 
࠙᪉ἲࠚ 
⫢ᫍ⣽⬊ࡣ⏕య࡟࠾ࡅࡿࣅࢱ࣑ࣥ A(VA)ࡢ㈓ⶶ⣽⬊࡛࠶ࡾࠊࣅࢱ࣑ࣥ A ࡟ᑐࡍࡿぶ࿴ᛶࡀ
㧗࠸ࠋࡑࡇ࡛⸆๣ࢆ࣏ࣜࢯ࣮࣒(Lip)࡛ෆໟ໬ࡋࠊVAࢆࣜ࢞ࣥࢻ࡜ࡋ࡚௜ຍࡋࡓࠋࡲࡓ⫢ᫍ
⣽⬊ࡣ Disse ⭍࡜࿧ࡤࢀࡿ⫢⣽⬊࡜㢮Ὕෆ⓶⣽⬊ࡢ㛫㝽࡟Ꮡᅾࡍࡿࡀࠊ㏻ᖖࡢ⾑⟶ෆ⓶⣽
⬊ࡼࡾ㢮Ὕෆ⓶⣽⬊ᑠᏍࡣᗈ࠸ࠋࡇࡢࡇ࡜ࢆ฼⏝ࡋࠊ࣏ࣜࢯ࣮࣒ࡢࢧ࢖ࢬࢆㄪ⠇ࡍࡿࡇ࡜
࡛ DDS; Rho࢟ࢼ࣮ࢮ㜼ᐖ๣ྵ᭷ࣅࢱ࣑ࣥ A௜ຍ࣏ࣜࢯ࣮࣒〇๣ࢆసᡂࡋࡓࠋ 
In vitroᐇ㦂࡛ࡣࠊࣄࢺ⫢ᫍ⣽⬊(LX-2)ࢆ⏝࠸࡚ Rho࢟ࢼ࣮ࢮ㜼ᐖ๣ྵ᭷ࣅࢱ࣑ࣥ A௜ຍ
࣏ࣜࢯ࣮࣒〇๣(VA-Lip-Y)࡟ࡼࡿάᛶ໬ᢚไຠᯝࢆᐇ㦂ࡋࡓࠋ 
In vivoᐇ㦂࡛ࡣࠊ4㐌㱋࠿ࡽᅄሷ໬Ⅳ⣲(CCl4)ࢆ⭡⭍ෆᢞ୚ࡋసᡂࡋࡓ⫢⥺⥔໬ࣔࢹࣝࣛ
ࢵࢺ࡟ࠊ9㐌㱋࠿ࡽ㐌 2ᅇ VA-Lip-Yࢆే⏝ᢞ୚ࡋࠊ⫢⥺⥔໬ᢚไຠᯝࢆ☜ㄆࡋࡓࠋ15㐌㱋
࡛ sacrifyࡋ⾑ᾮ⏕໬Ꮫ᳨ᰝࠊ⫢ࡢ⤌⧊Ꮫⓗ᳨ᰝࢆ⾜ࡗࡓࠋ⏕Ꮡ⋡ࡢヨ㦂࡛ࡣࠊࡑࡢࡲࡲ⸆
๣ࡢᢞ୚ࢆ⥅⥆ࡋࡓࠋ⫢⥺⥔໬ࡢホ౯ἲ࡜ࡋ࡚ࠊAZAN ᰁⰍࢆࠊ⫢ᫍ⣽⬊άᛶ໬ࡢホ౯ἲ
࡜ࡋ࡚ȘSMA࡜ TGF-ș1ࡢච␿ᰁⰍࢆ⾜ࡗࡓࠋ 
࠙⤖ᯝࠚ 
ࡲࡎࣇ࢓ࣟ࢖ࢪࣥᰁⰍ࡟ࡼࡿ LX-2ࡢᙧែᏛⓗኚ໬ࢆㄪ࡭ࡓࠋ⫢ᫍ⣽⬊ࡣάᛶ໬ࡉࢀࡿ࡜ࢫ
ࢺࣞࢫࣇ࢓࢖ࣂ࣮ᙧᡂ࠾ࡼࡧ F-actin ࡢⓎ⌧࡟ࡼࡾ➽⥺⥔ⱆ⣽⬊ᵝ࡟ᙧែᏛⓗኚ໬ࢆ♧ࡍ
ࡀࠊVA-Lip-Y࡜ VAࢆ௜ຍࡋ࡚࠸࡞࠸ Rho࢟ࢼ࣮ࢮ㜼ᐖ๣ྵ᭷࣏ࣜࢯ࣮࣒〇๣(Lip-Y)ᢞ୚
࡛ࡣࠊY༢⊂ᢞ୚ࡢ 1/100ࡢ㔞࡛ྠ➼ࡢᙧែᏛⓗኚ໬ࡢᢚไࢆㄆࡵࡓࠋ 
ࡲࡓ⫢ᫍ⣽⬊ࡣάᛶ໬࡟ࡼࡾȘSMAࠊTGF-ș1 ࡞࡝ࡢ㐣๫Ⓨ⌧ࢆ♧ࡍࡀࠊLX-2 ࡟
VA-Lip-Y(P<0.01)ࠊLip-Y(P<0.01)ࠊY༢⊂ᢞ୚(P<0.05)ࡍࡿࡇ࡜࡛ࠊࢥࣥࢺ࣮ࣟࣝ࡜ẚ㍑
ࡋ࡚᭷ព࡟Ⓨ⌧ࡀᢚไࡉࢀࠊ≉࡟ VA-Lip-YࠊLip-Yᢞ୚ ࡛ࡑࡢⓎ⌧ᢚไຠᯝࡣⴭ࡛᫂࠶ࡗ
ࡓࠋ 
⫢⥺⥔໬ࣛࢵࢺ࡟࠾ࡅࡿ VA-Lip-Y ᢞ୚ᐇ㦂࡛ࡣࠊVA-Lip-Y ᢞ୚⩌ࡣࢥࣥࢺ࣮ࣟࣝ⩌࡜ẚ
㍑ࡋ᭷ព࡟⫢⥺⥔໬ࡢ⛬ᗘࡣ㍍ᗘ࡛࠶ࡗࡓ㸦P<0.01㸧ࠋࡲࡓࠊ⫢⤌⧊࡟࠾ࡅࡿȘSMA࡜ TGF-
ș1ࡢⓎ⌧ࡶ᭷ព࡟పୗࡋࡓ㸦P<0.01㸧ࠋ⾑ᾮ⏕໬Ꮫ᳨ᰝ࡛ࡶࠊALTࠊࣄ࢔ࣝࣟࣥ㓟ࡀ᭷ព
࡟ప್࡛࠶ࡾ㸦P<0.05㸧ࠊ⭈ᶵ⬟పୗ࡞࡝ࡢ๪స⏝ࢆㄆࡵ࡞࠿ࡗࡓࠋࡲࡓ⏕Ꮡ⋡࡟࠾࠸࡚ࡶࠊ
VA-Lip-Yᢞ୚⩌ࡣࢥࣥࢺ࣮ࣟࣝ⩌࡜ẚ㍑ࡋ᭷ព࡟Ⰻዲ࡛࠶ࡗࡓ㸦P<0.01㸧ࠋ 
࠙⪃ᐹࠚ 
ࡇࡢ◊✲࡛ࡣࠊࢃࢀࢃࢀࡢ㛤ⓎࡋࡓDDS࡟ࡼࡾYᢞ୚࡟ࡼࡿ๪స⏝ࢆᘬࡁ㉳ࡇࡍࡇ࡜࡞ࡃࠊ
⫢⥺⥔໬ࢆᢚไ࡛ࡁࡿ࠿ࢆᐇ㦂ࡋࡓࠋ 
In vitroᐇ㦂࡛ࡣ࣏ࣜࢯ࣮࣒໬ࡋࡓ Yࡣ㠀࣏ࣜࢯ࣮࣒໬ Yࡢ 1/100㔞࡛⫢ᫍ⣽⬊ࡢάᛶ໬
ᢚไຠᯝࢆ♧ࡋࡓࠋࡇࡇ࡛ࡣ⫢ᫍ⣽⬊࡟ᑐࡍࡿࣅࢱ࣑ࣥ A ぶ࿴ᛶࢆ฼⏝ࡋࡓ≉␗ⓗ࡞ᢚไ
ຠᯝࡼࡾࡶ㠀≉␗ⓗ࡞࣏ࣜࢯ࣮࣒໬࡟ࡼࡿຠᯝࡀඃ఩࡛࠶ࡗࡓ࡜⪃࠼ࡽࢀࡿࠋIn vivoᐇ㦂
࡟࠾࠸࡚ VA-Lip-Y ࡣࠊLip-Y ࡸ Y ༢⊂ᢞ୚࡜ẚ㍑ࡋ࡚⫢⥺⥔໬ࢆᢚไࡋࡓࠋࣅࢱ࣑ࣥ A
ࢆ௜ຍࡍࡿࡇ࡜࡛ࡼࡾᙉຊ࡞ᢚไຠᯝࢆ♧ࡍࡇ࡜ࢆド᫂ࡋࡓࠋ 
ࡉࡽ࡟ࠊVA-Lip-Yࡢ㛗ᮇᢞ୚࡛ࡶࠊ⭈ᶵ⬟పୗࡸ࢖ࣞ࢘ࢫ࡞࡝ࡢ๪స⏝ࢆᘬࡁ㉳ࡇࡉ࡞࠿
ࡗࡓࠋࡇࡢࡇ࡜ࡣ Y ࢆ㑅ᢥⓗ࡟⫢ᫍ⣽⬊࡟㍺㏦ࡋࡓࡇ࡜࡟ຍ࠼ࠊY ࡢᢞ୚㔞ࡀᚤ㔞
(0.2mg/kg)࡛࠶ࡗࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋ௨๓ࡢ௚ሗ࿌࡛ࡣࠊࢃࢀࢃࢀ࡜ྠᵝࡢ CCl4ㄏᑟᛶ
ࡢ⫢⥺⥔໬ࣛࢵࢺࡢ⫢⥺⥔໬ᨵၿ࡟ 30mg/kgࡢ Yᢞ୚㔞ࢆせࡋ࡚࠸ࡓࠋ 
ᮏᐇ㦂࡛ࡣࠊ4㐌㛫ࡢ CCl4 ᢞ୚ᚋࡼࡾ VA-Lip-Yࡢᢞ୚ࢆ㛤ጞࡋࡓࡀࠊ4㐌㛫ࡢ CCl4ᢞ
୚᫬Ⅼ࡛ࡣ≟ᒣศ㢮 F2-3 ⛬ᗘࡢ⥺⥔໬࡛࠶ࡗࡓࠋᮏᐇ㦂ࡢ㝈⏺࡜ࡋ࡚ࠊ⫢◳ኚ(F4)࡟
VA-Lip-Yᢞ୚ࡢ⥺⥔໬ᨵၿຠᯝࡀ࠶ࡿࡢ࠿ࡣ୙࡛᫂࠶ࡿࡇ࡜࡛࠶ࡿࠋ 
⫢ᫍ⣽⬊࡟ᑐࡍࡿ DDSࡢሗ࿌ࡣ࠸ࡃࡘ࠿࠶ࡿࡀࠊ࠸ࡎࢀࡶ㑇ఏᏊᨵኚ࡞࡝ࢆᚲせ࡜ࡍࡿ⸆
๣࡛࠶ࡾࠊࢃࢀࢃࢀࡢ㛤Ⓨࡋࡓ DDSࡣ᪤Ꮡ⸆๣ࢆ⏝࠸࡚࠾ࡾࠊ⡆౽࡟సᡂྍ⬟࡛࠶ࡿࡇ࡜
ࡶ⮫ᗋᛂ⏝ࡀᮇᚅ࡛ࡁࡿⅬ࡛࠶ࡿࠋ 
௨ୖࡢࡇ࡜ࡼࡾࠊࢃࢀࢃࢀࡢ㛤Ⓨࡋࡓ VA-Lip-Yࡣ⫢ᫍ⣽⬊࡟㑅ᢥⓗ࡟ Yࢆ㍺㏦ࡋάᛶ໬ࢆ
ᢚไࡋࠊ඲㌟ᛶࡢ๪స⏝ࢆᘬࡁ㉳ࡇࡍࡇ࡜࡞ࡃ⫢⥺⥔໬ࢆᨵၿࡍࡿࡇ࡜ࢆド᫂ࡋࡓࠋ 
 
 
